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(57) ABSTRACT

An electroless plating method for a low temperature co-fired
glass ceramic substrate includes: a degreasing and activation
treatment step of degreasing and activating a surface of a
wiring pattern formed of a silver sintered body; a catalyzing
step of providing a catalyst onto the surface of the wiring
pattern formed of a silver sintered body; and an electroless

multi-layered coating plating treatment step of forming a
multi-layered electroless plating coating on the surface of

the wiring pattern formed of a silver sintered body. The
method further includes, between the degreasing and acti-

vation treatment step and the catalyzing step, a silver pre-
cipitation treatment step of precipitating silver on a glass
component present on the surface of the wiring pattern
formed of a silver sintered body after the degreasing and
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1

ELECTROLESS PLATING METHOD AND
CERAMIC SUBSTRATE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The application 1s a divisional application of U.S. patent
application Ser. No. 14/760,758, filed on Jul. 14, 2015,

which 1s a U.S. National Stage patent application pursuant to
35 U.S.C. § 371 of International Patent Application PCT/
JP2014/052526, filed on Feb. 4, 2014, which 1n turn claims
priority to Japanese Patent Application No. 2013-023212,
filed on Feb. 8, 2013, the content of each of which 1s hereby

expressly incorporated by reference 1n 1ts entirety.

TECHNICAL FIELD

The present mmvention relates to an electroless plating
method for forming a plating coating on a surface of a wiring,
pattern 1n a glass ceramic substrate, 1n particular, a LTCC
substrate to be used for an electronic component package or
a wiring board, and to a ceramic substrate.

BACKGROUND ART

A ceramic substrate has hitherto widely been used for a
wiring board for a multi-chip module package in which a
plurality of semiconductor elements and a plurality of pas-
s1ve elements such as a capacitor and a resistor are mounted.
A low temperature co-fired glass ceramic substrate (LTCC
substrate), which 1s obtained by firing at low temperature, or
the like 1s used as the ceramic substrate. The “low tempera-
ture” 1n the case of the low temperature co-fired glass
ceramic substrate refers to a temperature range of from 850°
C. to 1,000° C. The LTCC substrate includes an insulating
base material formed of glass ceramic, and a wiring pattern
formed of a sintered body containing as a main component
a metal material (for example, silver) (wiring pattern formed
of a silver sintered body).

The wiring pattern formed of a silver sintered body 1n the
LTCC substrate 1s electrically connected to a semiconductor
clement or a passive element by wire bonding, and then
connected to a printed board made of a resin serving as an
external electrical circuit via solder. In general, a multi-
layered electroless plating coating that satisfies both a wire
bonding property and solderability necessary for the con-
nection 1s formed on a surface of the wiring pattern. As
constituents of the multi-layered electroless plating coating,
a nickel plating coating, a gold plating coating, and 1n recent
years, a palladium plating coating have been known.

As a method of forming the nickel plating coating, the
gold plating coating, and the palladium plating coating
selectively on the wiring pattern formed of a silver sintered
body 1in the LTCC substrate, electroless plating has been
widely used. The electroless plating generally involves a
plurality of steps including a surface activation step, a
catalyzing step, and a plurality of electroless plating steps of
forming a multi-layered plating coating including an elec-
troless nickel plating coating and the like.

In association with formation of the plating coating on the
surface of the wiring pattern formed of a silver sintered body
in the LTCC substrate, 1t has hitherto been known that, at the
time of firing of the substrate, a phenomenon called glass
floating, 1 which a glass component 1s formed on the
surface of the wiring pattern formed of a silver sintered
body, may occur. When the glass floating occurs, a non-
plating state, 1n which the nickel plating coating 1s prevented
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2

from being formed on the glass component, may occur, or
the plating coating may have an uneven thickness.

As a method of preventing such non-plating state, there
has hitherto been known, for example, a method 1nvolving,
between the surface activation step and the catalyzing step,
a step of removing the glass component present on a surface

to be subjected to electroless plating by using a pretreatment
agent containing a reducing agent (see, for example, Patent
Literature 1).

CITATION LIST
Patent Literature

|[PTL 1] JP 2005-68489 A

SUMMARY OF INVENTION

Technical Problem

However, the related-art electroless plating method dis-
closed m Patent Literature 1 has the following problems.

The amount of the glass component to be contained 1n the
wiring pattern formed of a silver sintered body generally
varies depending on the combination of the wiring pattern
formed of a silver sintered body and LTCC substrate to be
used. The glass component formed on the surface of the
wiring pattern formed of a silver sintered body owing to the
glass floating varies in size depending on the combination of
the wiring pattern formed of a silver sintered body and
LTCC substrate to be used. When the glass component has
a s1ze exceeding 1 um, the glass component may fail to be
removed. In addition, when the glass component fails to be
removed, non-plating, 1n which the nickel plating coating 1s
prevented from being formed on the glass component, may
OCCUL.

In addition, when a glass component having a size
exceeding 1 um to 5 um 1s removed, a recess may be
generated 1n the surface of the wiring pattern formed of a
silver sintered body. Further, when a recess 1s generated 1n
the surface of the wiring pattern formed of a silver sintered
body, the plating coating may be unevenly distributed, or
volds may be generated in the plating coating. Further, when
volds are generated 1n the plating coating, there 1s a risk in
that a plating liquid or washing liquid used during electro-
less plating 1s taken in the voids, and its water content
vaporizes during solder connection, which results 1n solder
connection failure. This leads to a reduction 1 module
reliability.

The present invention has been made for solving the
above-mentioned problems, and an object of the present
invention 1s to provide an electroless plating method and
ceramic substrate, which prevent non-plating of the nickel
plating coating, and suppress the formation of voids 1n the
plating coating and accompanying solder connection failure,
and thus realize improved module reliability.

Solution to Problem

According to one embodiment of the present invention,
there 1s provided an electroless plating method for a low
temperature co-fired glass ceramic substrate including an
insulating base material formed of glass ceramic, and a
wiring pattern formed of a silver sintered body, the electro-
less plating method including: a degreasing and activation
treatment step of degreasing and activating a surface of the
wiring pattern formed of a silver sintered body; a catalyzing
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step of providing a catalyst onto the surface of the wiring
pattern formed of a silver sintered body after the degreasing
and activation treatment step; and an electroless multi-
layered coating plating treatment step of forming a multi-
layered electroless plating coating on the surface of the °
wiring pattern formed of a silver sintered body on which the
catalyst 1s provided, the electroless plating method further
including, between the degreasing and activation treatment
step and the catalyzing step, a silver precipitation treatment
step of precipitating silver on a glass component present on
the surface of the wiring pattern formed of a silver sintered
body after the degreasing and activation treatment step, the
catalyzing step including providing the catalyst also to the
silver precipitated in the silver precipitation treatment step.
In addition, a ceramic substrate according to one embodi-
ment of the present invention includes a multi-layered
clectroless plating coating formed by an electroless plating
method for a glass ceramic substrate including an insulating,
base material formed of glass ceramic, and a wiring pattern ¢
formed of a silver sintered body, the method including: a
degreasing and activation treatment step of degreasing and
activating a surface of the wiring pattern formed of a silver
sintered body; a silver precipitation treatment step ol pre-
cipitating silver on a glass component present on the surface 25
of the wiring pattern formed of a silver sintered body after
the degreasing and activation treatment step; a catalyzing
step ol providing a catalyst onto the surface of the wiring
pattern formed of a silver sintered body after the silver
precipitation treatment step; and an electroless multi-layered 3Y
coating plating treatment step of forming a multi-layered
clectroless plating coating on the surface of the wiring

pattern formed of a silver sintered body on which the
catalyst 1s provided.
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Advantageous Elflects of Invention

The electroless plating method according to one embodi-
ment of the present mvention can achieve the electroless
plating method and ceramic substrate, which prevent non- 40
plating of the nickel plating coating, and suppress the
formation of voids 1n the plating coating and accompanying
solder connection failure, and thus realize improved module
reliability, because the silver precipitation treatment step of
precipitating silver on a glass component present on the 45
surface of the wiring pattern formed of a silver sintered body
1s included between the degreasing and activation treatment
step and the catalyzing step.

BRIEF DESCRIPTION OF DRAWINGS 50

FIG. 1 1llustrates a process flow according to a first
embodiment of the present invention.

FIG. 2 1s a sectional view 1llustrating a glass ceramic
wiring board to be used in the first embodiment of the 55
present invention.

FIG. 3 1s an enlarged view illustrating a state of a glass
component portion formed on the surface of a wiring pattern
formed of a silver sintered body of FIG. 2 after a silver
precipitation treatment step. 60

FIG. 4 15 an electron micrograph showing the surface of
the wiring pattern formed of a silver sintered body after the
silver precipitation treatment step of the present invention.

FIG. 5 1s a sectional view illustrating a state 1n which the
surface of the wiring pattern formed of a silver sintered body 65
alter a catalyzing step has been subjected to an electroless
nickel plating step.

4

FIG. 6 1s an enlarged view illustrating the glass compo-
nent portion of FIG. 5 formed on the surface of the wiring
pattern formed of a silver sintered body.

FIG. 7 1s a sectional view 1illustrating a state 1n which the
surface of the wiring pattern formed of a silver sintered body
in the state of FIG. 5§ has been subjected to an electroless
palladium plating step.

FIG. 8 1s a sectional view 1illustrating a state 1n which the
surface of the wiring pattern formed of a silver sintered body
in the state of FIG. 7 has been subjected to a substitution-
type electroless plating step.

FIG. 9 illustrates a process flow according to a second
embodiment of the present invention.

FIG. 10 illustrates a process flow according to a third
embodiment of the present invention.

FIG. 11 1s a sectional view 1llustrating a state in which the
surface of the wiring pattern formed of a silver sintered body
of FIG. 9 has been subjected to a substitution-type electro-
less gold plating step and a reduction-type electroless gold
plating step.

FIG. 12 illustrates a process flow according to a fourth
embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

First Embodiment

FIG. 1 illustrates a process tlow according to a first
embodiment of the present invention. An electroless plating
method for a glass ceramic wiring board of FIG. 1 includes
performing, on the surface of a wiring pattern formed of a
silver sintered body, a degreasing and activation step (Step
S101), a catalyzing step (Step S103), an electroless nickel
plating step (Step S1041), an electroless palladium plating
step (Step S1042), and a substitution-type electroless gold
plating step (Step S1043). The electroless plating method of
FIG. 1 further includes performing a silver precipitation
treatment step (Step S102) between the degreasing and
activation step and the catalyzing step.

The electroless nickel plating step (Step S1041), the
clectroless palladium plating step (Step S1042), and the
substitution-type electroless gold plating step (Step S1043
are collectively referred to as electroless multi-layered coat-
ing plating treatment step (Step S104).

FIG. 2 1s a sectional view illustrating a glass ceramic
wiring board to be used in the first embodiment of the
present mvention. As illustrated 1n FIG. 2, a glass ceramic
wiring board (LTCC substrate) generally includes an 1nsu-
lating base material 1 formed of glass ceramic, and a wiring
pattern 2 formed of a metal sintered body. The glass ceramic
1s preferably oxide-based ceramic formed of silicon dioxide,
alumina, or the like. The wiring pattern 2 formed of a metal
sintered body 1s appropriately designed depending on a
desired electronic component package or wiring board. In
addition, a metal sintered body for forming the wiring
pattern 2 formed of a metal sintered body i1s selected so that
characteristics required for an electronic component or the
like to be subjected to electroless plating are satisfied. In the
present invention, a silver-palladium alloy containing silver
1s used for the metal sintered body.

The wiring pattern 2 formed of a metal sintered body 1s
hereinafter referred to as wiring pattern 2 formed of a silver
sintered body. A glass component 3 1s formed on the surface
of the wiring pattern 2 formed of a silver sintered body.

Next, the steps are each described 1n detail.
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<Degreasing and Activation Step>

First, in the degreasing and activation step of Step S101,
an organic material, an oxide coating, or the like 1s removed
from the surface of the wiring pattern 2 formed of a silver
sintered body.

<Si1lver Precipitation Treatment Step>

Next, the silver precipitation treatment step 1s described
with reference to FIG. 3. FIG. 3 1s an enlarged view
illustrating a state of the glass component 3 portion formed
on the surface of the wiring pattern 2 formed of a silver
sintered body of FIG. 2 after the silver precipitation treat-
ment step.

In the silver precipitation treatment step of Step S102, a
silver component 1n the glass component 3 present on the
surface of the wiring pattern 2 formed of a silver sintered
body 1s dissolved without damaging the wiring pattern 2
formed of a silver sintered body, and silver particles 4 are
redeposited on the glass component 3, as illustrated 1n FIG.
3. That 1s, the silver precipitation treatment step 1s a step of

precipitating the silver particles 4 on the glass component 3
present on the surface of the wiring pattern 2 formed of a
silver sintered body that has been cleaned and activated 1n
Step S101 by immersion 1n degreasing and activation treat-
ment liquids.

The inventors of the present invention have found that the
silver particles 4 have a property of being precipitated
selectively on the glass component 3 present on the surface
of the wiring pattern 2 formed of a silver sintered body, as
illustrated 1n FIG. 3, by treating the surface of the wiring
pattern 2 formed of a silver sintered body with a silver
precipitation treatment liquid before providing a catalyst.

As the silver precipitation treatment liquid to be used 1n
the silver precipitation treatment step, there may be used, for

example, a silver precipitation treatment liquid containing 1
to 10 wt % of a reducing agent and 5 to 15 wt % of a
complexing agent such as citric acid, malic acid, or succinic
acid, and having a pH adjusted to from 4 to 6 with sulfuric
acid or sodium hydroxide.

For example, the reducing agent preferably contains any
one of the following first reducing agents, or the first
reducing agent and the following second reducing agent in
combination. Preferred examples of the first reducing agent
include a phosphoric acid compound and an organic acid. In
addition, a preferred example of the second reducing agent
1S an 1norganic compound.

Hypophosphorous acid, sodium hypophosphite, or potas-
sium hypophosphite 1s preferably used as the phosphoric
acid compound.

Formic acid or citric acid 1s preferably used as the organic
acid.

Iron(II) chlonde, wron(1I) sulfate, or sodium thiosulfate 1s
preferably used as the 1morganic compound.

The silver precipitation treatment liquid more preferably
contains, as the first reducing agent, 1 to 10 wt % of
hypophosphorous acid, sodium hypophosphite, or potassium
hypophosphite, or 1 to 10 wt % of formic acid or citric acid.
In addition, the silver precipitation treatment liquid prefer-
ably contains, as the second reducing agent, 1 to 100 ppm of
iron(1l) chloride, iron(1l) sulfate, or sodium thiosulfate.

The silver precipitation treatment conditions are
described below. The immersion time period for which the
LTCC substrate 1s immersed 1 the silver precipitation
treatment liquid 1s not particularly limited because the
immersion time period 1s aflected by the liquid temperature,
treatment time period, and concentration of a catalyst pro-
viding liquid or nickel plating treatment liquid, but 1s
generally preferably from 1 to 10 minutes. In addition, the
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liquid temperature of the silver precipitation treatment liquid
1s not particularly limited as long as silver can be precipi-
tated, but 1s preferably adjusted to from 80° C. to 90° C.
from the viewpoint of silver precipitation efliciency.

The silver precipitation treatment liquid 1s preferably used
in the above-mentioned temperature range, but may be used
by appropriately adjusting the liquid temperature 1n accor-
dance with the state of the LTCC substrate. The silver
precipitation treatment liquid 1s acidic.

The silver component, which has been diffused through
firing, 1s present in the glass component 3 formed on the
surface of the wiring pattern 2 formed of a silver sintered
body owing to glass floating. The silver component 1s
exposed by etching the surface of the glass component 3 1n
a trace amount with the silver precipitation treatment liquid,
and dissolved and 1omized 1n the silver precipitation treat-
ment liquid by virtue of its acidity. Silver dissolved 1n the
silver precipitation treatment liquid 1s deposited selectively
on the glass component 3 present around the wiring pattern
2 formed of a silver sintered body, as illustrated in FIG. 3.
The deposits are the silver particles 4. Silver dissolved 1n the
silver precipitation treatment liquid 1s redeposited 1n a short
time, and hence 1s prevented from being diffused in the
treatment liquid.

That 1s, the silver component 1s instantly dissolved and
redeposited, to be deposited almost selectively only on the
glass component 3 present on the surface of the wiring
pattern 2 formed of a silver sintered body, and on a white
plate (glass) portion within 1 to 10 um from the wiring
pattern 2 formed of a silver sintered body. FIG. 4 1s an
clectron micrograph showing the surface of the wiring
pattern formed of a silver sintered body after the silver
precipitation treatment step of the present invention. The
glass component 3 1s present 1n an upper right portion of
FIG. 4. In addition, portions observed as white spots
throughout FIG. 4 are the precipitated silver particles 4.

As shown i FIG. 4, the silver particles 4 are each
deposited 1n a particulate form on the glass component 3. In
addition, the silver particles 4 each have a particle size of
from 10 to 100 nm.

<Catalyzing Step>

Next, in the catalyzing step of Step S103, the LTCC
substrate 1s immersed 1n a catalyst liquid containing palla-
dium or the like, to provide a palladium catalyst onto the
surface of the wiring pattern 2 formed of a silver sintered
body. Herein, the palladium catalyst i1s also provided to the
silver particles 4 deposited on the surface of the wiring
pattern formed of a silver sintered body 1n the silver pre-
cipitation treatment step.

Next, the electroless multi-layered coating plating treat-
ment step of Step S104 15 performed.
<Electroless Nickel Plating Step>

First, the electroless nickel plating step 1s described with
reference to FIGS. 5 and 6. FIG. § 1s a sectional view
illustrating a state 1n which the surface of the wiring pattern
2 formed of a silver sintered body after the catalyzing step
has been subjected to the electroless nickel plating step. In
addition, FIG. 6 1s an enlarged view illustrating the glass
component 3 portion of FIG. 5 formed on the surface of the
wiring pattern 2 formed of a silver sintered body.

In the electroless nmickel plating step of Step S1041, as
illustrated 1 FIG. §, an electroless nickel plating coating 3
1s formed on the surface of the wiring pattern 2 formed of a
silver sintered body. At this time, as illustrated 1n FIG. 6, the
silver particles 4 deposited on the glass component 3 are
cach 1n a state of being formed in the electroless nickel
plating coating 5.
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As an electroless nickel plating liquid to be used 1n this
step, any plating liquid for electroless nickel plating here-
tofore known may be used. For example, there may be used
a plating liquid containing 2 wt % of nickel sulfate as a metal
salt, 2 wt % of sodium hypophosphite as a reducing agent, 5
and 10 wt % of citric acid, malic acid, succinic acid, or the
like as a complexing agent, and having a pH adjusted to 4.5
with sulfuric acid or sodium hydroxide. In the present
invention, the “wt %” refers to a value with respect to the
entire prepared liquid, unless otherwise stated. 10

As the electroless nickel plating conditions, the immer-
sion time period of the LTCC substrate in the electroless
nickel plating liquid and the liquid temperature of the
clectroless nickel plating liquid may appropriately be set so
that the electroless nickel plating coating achieves a desired 15
thickness. For example, an electroless nickel plating coating
having a thickness of about 4 um 1s obtained by setting the
liquid temperature and the plating time period to 80° C. and
20 minutes, respectively.

<Electroless Palladium Plating Step> 20

Next, the electroless palladium plating step 1s described
with reference to FIG. 7. FIG. 7 1s a sectional view 1llus-
trating a state 1n which the surface of the wiring pattern 2
formed of a silver sintered body 1n the state of FIG. 5 has
been subjected to the electroless palladium plating step. 25

In the electroless palladium plating step of Step S1042, as
illustrated in FIG. 7, an electroless palladium plating coating
6 1s formed on the electroless nickel plating coating 5
formed 1n the electroless nickel plating step (S1041). As an
clectroless palladium plating liquid to be used 1n the step, a 30
hypophosphorous acid-based palladium plating liquid, a
phosphorous acid-based palladium plating liquid, or a for-
mate-based palladium plating liquid, which has hitherto
been used, may be used. As the hypophosphorous acid-based
liguid, for example, the following plating liquid 1s used: a 35
plating liquid containing palladium chloride as a metal salt,

a palladium compound such as palladium acetate, sodium
hypophosphite as a reducing agent, an amine compound as
a complexing agent such as ethylenediaminetetraacetic acid,
a pH adjuster, and the like. 40

As the electroless palladium plating conditions, the
immersion time period of the LTCC substrate 1n the elec-
troless palladium plating liquid and the liquid temperature of
the electroless palladium plating liquid may appropriately be
set so that the electroless palladium plating coating 6 45
achieves a desired thickness. For example, in the case of
using the hypophosphorous acid-based electroless palladium
plating liquid, an electroless palladium plating coating 6
having a thickness of about 0.1 um 1s obtained by setting the
liquid temperature and the plating time period to 50° C. and 50
5 minutes, respectively.

<Substitution-Type Electroless Plating Step>

Next, a substitution-type electroless plating step 1s
described with reference to FI1G. 8. FIG. 8 1s a sectional view
illustrating a state in which the surface of the wiring pattern 55
2 formed of a silver sintered body 1n the state of FIG. 7 has
been subjected to the substitution-type electroless plating
step.

In the substitution-type electroless gold plating step of
Step S1043, as illustrated i FIG. 8, a substitution-type 60
clectroless gold plating coating 7 1s formed on the electro-
less palladium plating coating 6 formed in the electroless
palladium plating step. As a substitution-type electroless
gold plating liquid to be used 1n this step, a cyanogen-based
gold plating liquid or a gold sulfite-based gold plating liquid, 65
which has hitherto been used, may be used. As the cyano-
gen-based plating liquid, there may be used, for example, a
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plating liquid containing gold potassium cyanide as a metal
salt, ethylenediaminetetraacetic acid, citric acid, or the like
as a complexing agent, a pH adjuster, and the like. In
addition, as the gold sulfite-based plating liquid, there may
be used a plating liquid containing gold sodium sulfite or the
like as a metal salt, and sodium sulfite, ethylenediamine, or
the like as a complexing agent.

As the substitution-type electroless plating conditions, the
immersion time period of the LTCC substrate 1n the substi-
tution-type electroless gold plating liquid and the liquid
temperature ol the substitution-type electroless gold plating,
liqguid may appropriately be set so that the substitution-type
clectroless gold plating coating achieves a desired thickness.
For example, in the case of using the cyanogen-based
substitution-type electroless gold plating liquid, a substitu-
tion-type electroless gold plating coating having a thickness
of 0.05 um 1s obtained by setting the liquid temperature and
the plating time period to 90° C. and 10 minutes, respec-
tively. Thus, a glass ceramic substrate 1llustrated 1n FIG. 8 1s
obtained.

That 1s, as 1llustrated in FIG. 8, the glass ceramic substrate
to be obtained through Steps S101 to S104 includes: the
nickel plating coating 5 formed on the wiring pattern 2
formed of a silver sintered body including the silver particles
4 deposited on the glass component 3 and the glass com-
ponent 3; the palladium plating coating 6 formed on the
nickel plating coating 5; and the substitution-type gold
plating coating 7 formed on the palladium plating coating 6.

After the electroless plating treatment, the LTCC substrate
1s subjected to wire bonding treatment, soldering, or the like,
as an 1mplementation step.

Such electroless plating method, which includes, between
the degreasing and activation step and the catalyzing step,
the metal precipitation treatment step of depositing the silver
particles 4 on the glass component 3 present on the surface
of the wiring pattern 2 formed of a silver sintered body,
allows the catalyst to be provided also to the deposited silver
particles 4. With this, non-plating during the electroless
nickel plating can be prevented. In addition, the wiring
pattern 2 formed of a silver sintered body 1s well plated with
nickel in the electroless nickel plating step. Further, the
surface of the wiring pattern 2 formed of a silver sintered
body can be prevented from being recessed.

In addition, the formation of voids can be suppressed 1n
the plating coating, because the surface of the wiring pattern
2 formed of a silver sintered body can be prevented from
being recessed. With this, the plating liquid or washing
liquid used during the plating can be prevented from being
taken 1n the voids, and thus vaporization of the water content
during solder connection and accompanying solder connec-
tion failure can be prevented. Thus, the LTCC substrate can
achieve improved module reliability.

In addition, the use of the silver precipitation treatment
liquid, which contains as a first reducing agent a phosphoric
acid compound or an organic acid and as a second reducing
agent an 1organic compound at specific concentrations and
has a pH adjusted to from 4 to 6, allows silver to be more
reliably precipitated on the glass component 3 present on the
surface of the wiring pattern 2 formed of a silver sintered
body. With this, the eflects of suppressing the formation of
volds 1n the platmg coating and preventing the non-plating
of the plating coating can be enhanced.

Further, the adhesion force between the wiring pattern 2
formed of a silver sintered body and the plating coating can
be increased by an anchor eflect of the plating coating. With
this, the module reliability of the LTCC substrate can be
improved.
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According to the first embodiment, the metal precipitation
treatment step 1s performed between the degreasing and

activation step and the catalyzing step, as described above.
As a result, silver 1s precipitated on the glass component
present on the surface of the wiring pattern formed of a
silver sintered body, and thus the non-plating state caused by
glass tloating can be prevented. In consequence, the non-
plating of the nickel plating coating can be prevented, and
the formation of voids 1n the plating coating, and accompa-
nying solder connection failure can be suppressed. Thus,
improved module reliability can be achieved.

Second Embodiment

FIG. 9 1llustrates a process flow according to a second
embodiment of the present invention. In the first embodi-
ment, the electroless plating method including the degreas-
ing and activation step, the silver precipitation treatment
step, the catalyzing step, the electroless nickel plating step,
the electroless palladium plating step, and the substitution-
type electroless gold plating step in this order 1s described.
In contrast, 1n the second embodiment, an electroless plating
method including, 1 addition to the steps of the first
embodiment, a glass etching step between the electroless
nickel plating step and the electroless palladium plating step
1s described.

When the wiring patterns 2 formed of a silver sintered
body 1n the first embodiment have a narrow space therebe-
tween, for example, have a space of 10 um or less, palladium
may be anomalously deposited on the deposited silver in the
clectroless palladium plating step, to cause a short circuit
between the patterns. Therefore, in the second embodiment,
ctching treatment 1s performed between the electroless
nickel plating step and the electroless palladium plating step.
Other configurations are the same as those in the first
embodiment.

In FIG. 9, a degreasing and activation step of Step S201
1s the same step as Step S101 of FIG. 1 in the first
embodiment.

In addition, a silver precipitation treatment step of Step
5202 1s the same step as Step S102 of FIG. 1 1n the first
embodiment.

Further, a catalyzing step of Step S203 1s the same step as
Step S103 of FIG. 1 1n the first embodiment.

In addition, an electroless nickel plating step (Step
S2041), an clectroless palladium plating step (Step S2042),
and a substitution-type electroless gold plating step (Step
S52043) 1n an electroless multi-layered coating plating treat-
ment step of Step S204 are the same steps as Step S1041,
Step S1042, and Step S1043 1in Step S104 of FIG. 1 in the
first embodiment, respectively.

It should be noted that the process tlow of the second
embodiment differs from that of the first embodiment in that
a glass etching treatment step of Step S2044 1s added
between Step S2041 and Step S2042. Now, Step S2044 1s
hereinafter described 1n detail.

<(lass Etching Treatment Step>

In the glass etching treatment step of Step S2044, fine
particles formed on glass ceramic between the wiring pat-
terns 2 formed of a silver sintered body, which cause a short
circuit between the patterns, are dissolved and removed with
a glass etching liquid, without damaging the surface of the
patterns.

The fine particles are, for example, metal fine particles
having an average particle size of about from 0.05 um to 0.5
um derived from the metal sintered body serving as a
constituent of the wiring pattern. In this case, where the
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metal sintered body 1s formed of a silver-palladium alloy,
silver fine particles are exemplified as the fine particles.

A glass etching liquid containing any of an inorganic acid,
a fluoride, and an alkali metal hydroxide 1s preferably used
as the glass etching liquid to be used 1n the glass etching
treatment step.

For example, hydrochloric acid or sulfuric acid 1s prei-
erably used as the inorganic acid, hydrogen fluoride or
ammonium fluoride 1s preferably used as the fluoride, and
sodium hydroxide i1s preferably used as the alkali metal
hydroxide.

It 1s more preferred to use any one of hydrochloric acid
having a concentration adjusted to from 2 to 6 wt %, sulturic
acid having a concentration adjusted to from 5 to 15 wt %,
hydrofluoric acid having a concentration adjusted to from
0.1 to 0.5 wt %, an ammonium fluoride aqueous solution
having a concentration adjusted to from 0.5 to 1.0 wt %, and
a sodium hydroxide aqueous solution having a concentration
adjusted to from 2 to 6 wt %. Such glass etching liquid
having a specified concentration as described above can
remarkably enhance the eflect of removing the fine particles.

The glass etching treatment conditions are described
below. The immersion time period of the LTCC substrate in
the glass etchjng liquid 1s not particularly limited because
the immersion time period 1s atlected by the 11qu1d tempera-
ture of the glass etching liquid or the like, but 1s generally
preferably from 3 to 5 minutes.

The highly acidic or highly basic glass etching liquid
containing the inorganic acid or the alkali metal hydroxide
can elliciently dissolve glass, which 1s generally dithicult to
be dissolved with any material other than a fluoride, when
the glass etching liquid 1s used at 40° C. or more. The liquid
temperature 1s not particularly limited as long as the etching
can be performed, but 1s preferably adjusted to from 40° C.
to 60° C. from the viewpoints of etching efliciency, protec-
tion of the wiring pattern, and the like.

A combination of the liquid temperature and treatment
time period of the glass etching treatment 1s, for example, as
follows: 1n the case of using as the glass etching liquid a 4
wt % sodium hydroxide aqueous solution, the liquid tem-
perature 1s preferably from 40 to 60° C., and the treatment
time period 1s preferably from 3 to 5 minutes.

Alternatively, the glass etching liquid containing the fluo-
ride can be used for the treatment at room temperature, but
may be used after being adjusted to an appropriate tempera-
ture.

The fluonide can remove the fine particles through glass
etching and render the surface of the glass ceramic water
repellent, and hence can suppress the anomalous deposition
of palladium. The glass ceramic 1s generally an oxide
containing as a main component a silicate salt. Its outermost
surface 1s terminated with a hydroxyl group, and hence 1s
hydrophilic and highly reactive.

However, the terminal hydroxyl group attached to silicon
in the glass ceramic 1s terminated with hydrogen through
treatment using the glass etching liqmd containing the
fluoride such as hydrofluoric acid. As a result, the surface of
the glass ceramic becomes hydrophobic as compared to the
case ol the hydroxyl group-terminated glass ceramic, and
thus has a lower reactivity. In the case of using the etching
liquid containing the fluoride, the glass ceramic 1s dissolved,
and as a result, the fine particles, which cause the anomalous
deposition of palladium, are largely removed by liftofl, as 1n
the case of using the etching liquid containing the morganic
acid or the alkali metal hydroxide.

Even when fine particles that are not removed by the
treatment using the fluoride remain, the entire surface of the
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glass ceramic exhibits water repellent action by being ter-
minated with hydrogen as described above, and thus has a

low reactivity. As a result, the remaining fine particles are
prevented from being brought into contact with and reacting,
with the electroless palladium plating liquid 1n the next step,
and thus palladium 1s prevented from being deposited on the
fine particles.

In addition, other than the above-mentioned etching lig-
uids, a highly acidic organic acid such as maleic acid, or
sodium carbonate, which 1s highly basic, may be utilized as
the glass etching liquid. In the case of using such glass
ctching liquid, the concentration of the glass etchung liquid,
the liquid temperature and immersion time period of the
ctching treatment, and the like may be appropnately
adjusted, as 1n the case of using the etching liquid containing

the morganic acid, the alkali metal hydroxide, or the fluo-
ride.

It should be noted that the glass etching liqud in the
second embodiment 1s substantially free of cyanogen and
sulfur. The “substantially free of”” means that cyanogen and
sulfur are 1n no danger of inducing 1nactivation or corrosion
that damages a desired conductor pattern.

In addition, the “water repellent” in the second embodi-
ment means that the surface 1s hydrophobic and has a low
reactivity as compared to the one terminated with a hydroxyl
group. The water repellency (hydrophobicity) may be com-
pared based on a value determined by wetting angle mea-
surement. The treatment using the fluoride can suppress the
anomalous deposition of palladium by double effects of
glass etching and inactivating the surface of the glass
ceramic.

Further, in the second embodiment, the glass etching
treatment step can remarkably enhance the eflect of remov-
ing the fine particles by subjecting the glass ceramic sub-
strate to ultrasonic treatment while the glass ceramic sub-
strate 1s immersed 1n the glass etching liquid. In addition, 1n
the case of performing ultrasonic treatment as just described,
the 1immersion time period can be set shorter than usual.

A glass ceramic substrate to be thus obtained through
Steps S201 to S204 1s the same as that to be obtained 1n the
first embodiment. That 1s, as illustrated in FIG. 8, the glass
ceramic substrate includes: the nickel plating coating 3
formed on the wiring pattern 2 formed of a silver sintered
body including the silver particles 4 deposited on the glass
component 3 and the glass component 3; the palladium
plating coating 6 formed on the nickel plating coating 3; and
the substitution-type gold plating coating 7 formed on the
palladium plating coating 6. In addition, the silver particles
4 deposited on the glass component 3 are formed in the
nickel plating coating 5.

As described above, the celectroless plating method
according to the second embodiment, which includes the
glass etching step between the electroless nickel plating step
and the electroless palladium plating step, can suppress the
deposition of palladium on the deposited silver. As a result,
a short circuit between the patterns can be prevented.

Third Embodiment

FIG. 10 1illustrates a process flow according to a third
embodiment of the present mvention. In the first embodi-
ment, the electroless plating method including the electro-
less multi-layered coating plating treatment step including
the electroless nickel plating step, the electroless palladium
plating step, and the substitution-type electroless gold plat-
ing step in this order 1s described. In contrast, in the third
embodiment, an electroless plating method including an
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clectroless multi-layered coating plating treatment step
including an electroless nickel plating step, a substitution-
type electroless gold plating step, and a reduction-type
clectroless gold plating step in this order 1s described. Other
configurations are the same as those in the first embodiment.

In FIG. 10, Step S301, Step S302, and Step S303 are the
same steps as Step S101, Step S102, and Step S103 of FIG.
1 in the first embodiment, respectively.

Next, an electroless multi-layered coating plating treat-
ment step of Step S304 15 performed.

First, an electroless nickel plating step of Step S3041 1s
performed. Step S3041 1s the same step as Step S1041 of
FIG. 1 1n the first embodiment.

<Substitution-Type Electroless Gold Plating Step>

Next, a substitution-type electroless gold plating step 1s
described with reference to FIG. 11. FIG. 11 1s a sectional
view 1llustrating a state 1n which the surface of the wiring
pattern 2 formed of a silver sintered body of FIG. 9 has been
subjected to a substitution-type electroless gold plating step
and a reduction-type electroless gold plating step.

In the substitution-type electroless gold plating step of
Step S3042, as illustrated 1n FIG. 11, a substitution-type
clectroless gold plating coating 7 1s formed on the electro-
less nickel plating coating 3 formed 1n the electroless nickel
plating step. The step prior to the substitution-type electro-
less gold plating step of Step S3042 diflers from that in the
first embodiment, but the substitution-type electroless gold
plating step 1s the same step as Step S1042 in the first
embodiment and uses the same substitution-type gold plat-
ing liquid.

<Reduction-Type Electroless Gold Plating Step>

Next, 1n the reduction-type electroless gold plating step of
Step S3043, as illustrated in FIG. 11, a reduction-type
clectroless gold plating coating 8 1s formed on the substi-
tution-type electroless gold plating coating 7 formed in the
substitution-type electroless gold plating step. As a reduc-
tion-type electroless gold plating liqud to be used for the
formation of the reduction-type electroless gold plating
coating 8, a cyanogen-based gold plating liquid or a gold
sulfite-based gold plating liquid, which has hitherto been
used, may be used.

As the cyanogen-based reduction-type electroless gold
plating liquid, for example, a plating liquid containing gold
potassium cyanide as a supply source of gold, potassium
cyanide or the like as a complexing agent, and sodium
hydroxide, dimethylamine borane, or the like as a reducing
agent, and having a pH adjusted to 13 1s used. As the gold
sulfite-based reduction-type gold plating liquid, for
example, a plating liquid containing gold sodium sulfite as
a supply source of gold, sodium sulfite or sodium thiosuliate
as a complexing agent, and ascorbic acid or the like as a
reducing agent, and having a pH adjusted to 7 1s used.

As the reduction-type electroless gold plating conditions,
the 1mmersion time period of the LTCC substrate in the
reduction-type electroless gold plating liquid and the liquid
temperature of the reduction-type electroless gold plating
liguid may appropriately be set so that the electroless gold
plating coating can achieve a desired thickness. For
example, 1n the case of using the cyanogen-based reduction-
type electroless gold plating liquid, an electroless gold
plating coating having a thickness of 0.7 um 1s obtained by
setting the liquid temperature and the plating time period to
80° C. and 30 minutes, respectively. It should be noted that,
in general, the reduction-type electroless gold plating coat-
ing 8 can be varied in thickness as compared to the substi-
tution-type electroless gold plating coating 7. For example,
the reduction-type electroless gold plating coating 8 can be
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formed to have a thickness of from 0.1 um to 1.0 um. Thus,
a glass ceramic substrate as 1llustrated in FIG. 11 1s obtained.

As 1llustrated 1 FI1G. 11, the glass ceramic substrate to be
thus obtained through Steps S301 to S304 includes: the
nickel plating coating 5 formed on the wiring pattern 2
tormed of a silver sintered body including the silver particles
4 deposited on the glass component 3 and the glass com-
ponent 3; the substitution-type electroless gold plating coat-
ing 7 formed on the nickel plating coating 5; and the
reduction-type gold plating coating 8 formed on the substi-
tution-type electroless gold plating coating 7. In addition,
the silver particles 4 deposited on the glass component 3 are

formed 1n the nickel plating coating 5.

At the time of an implementation step after the plating
treatment, the N1/Pd/Au plating coating of the first embodi-
ment and the second embodiment may cause a reduction in
wire bonding pull strength, a reduction 1n solder wettability,
or the like depending on the implementation step. However,
in the electroless plating method of the third embodiment,
the electroless multi-layered coating plating treatment step 1s
not limited to include the electroless nickel plating step, the
clectroless palladium plating step, and the substitution-type
clectroless gold plating step, and 1s intended to include the
clectroless nickel plating step, the substitution-type electro-
less gold plating step, and the reduction-type electroless
gold plating step.

Theretore, the plating coating formed on the surface of the
wiring pattern 2 formed of a silver sintered body 1s not
limited to the N1/Pd/Au plating coating, and 1t 1s possible to
perform an implementation step that cannot be performed in
the case of the Ni/Pd/Au plating coating. As a result, the
implementation conditions can be expanded.

According to the third embodiment, the electroless plating
method employs as 1ts final step the reduction-type electro-
less gold plating as described above, and hence the gold
plating coating can be formed to have a large thickness. In
addition, the electroless multi-layered coating plating treat-
ment step 1s not limited to one method, and therefore the
kind of the multi-layered plating coating 1s not limited. As
a result, the implementation conditions can be expanded to
a wide variety of substrates.

Fourth Embodiment

FIG. 12 illustrates a process flow according to a fourth
embodiment of the present invention. In the third embodi-
ment, the electroless plating method including the degreas-
ing and activation step, the metal precipitation treatment
step, the catalyzing step, the electroless nickel plating step,
the substitution-type electroless gold plating step, and the
reduction-type electroless gold plating step 1n this order 1s
described. In contrast, in the fourth embodiment, an elec-
troless plating method including, 1n addition to the steps of
the third embodiment, a glass etching step between the
substitution-type electroless gold plating step and the reduc-
tion-type electroless gold plating step 1s described.

As 1n the second embodiment, when the wiring patterns 2
formed of a silver sintered body have a narrow space
therebetween, for example, have a space of 10 um or less,
gold may be anomalously deposited on the deposited silver
in the substitution-type electroless gold plating step, to cause
a short circuit between the patterns. In contrast, in the fourth
embodiment, etching treatment i1s performed between the
substitution-type electroless gold plating step and the reduc-
tion-type electroless gold plating step. Other configurations
are the same as those 1n the third embodiment.
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In FIG. 12, Step S401, Step S402, and Step S403 are the
same steps as Step S301, Step S302, and Step S303 of FIG.
10 1n the third embodiment, respectively.

In addition, an electroless nickel plating step (Step
S4041), a substitution-type electroless gold plating step
(Step S4042), and a reduction-type electroless gold plating
treatment step (Step S4043) 1n an electroless multi-layered
coating plating treatment step of Step S404 are the same
steps as Step S3041, Step S3042, and Step S3043 1n Step
S304 of FIG. 10 1n the third embodiment, respectively.

It should be noted that the process flow of the fourth
embodiment differs from that of the third embodiment 1n that
a glass etching treatment step of Step S4044 i1s added
between Step S4041 and Step S4042. Now, Step S4044 15
hereinafter described 1n detail.

The glass etching treatment step of Step S4044 1s the same
step as Step S2044 of FIG. 9 1n the second embodiment, and
uses the same glass etching liquid.

The glass ceramic substrate to be thus obtained through
Steps S401 to S404 1s the same as that to be obtained 1n the
third embodiment. That 1s, as 1llustrated 1n FIG. 11, the glass
ceramic substrate includes: the nickel plating coating 5
formed on the wiring pattern 2 formed of a silver sintered
body including the silver particles 4 deposited on the glass
component 3 and the glass component 3; the substitution-
type electroless gold plating coating 7 formed on the nickel
plating coating 3; and the reduction-type gold plating coat-
ing 8 formed on the substitution-type electroless gold plating
coating 7. In addition, the silver particles 4 deposited on the
glass component 3 are formed in the nickel plating coating
5.

Such electroless plating method can suppress the anoma-
lous deposition of gold. As a result, a short circuit between
the patterns can be prevented.

As described above, the electroless plating method
according to the fourth embodiment can concurrently
achieve the eflects obtained in the second embodiment and
third embodiment.

It should be noted that the methods according to the first
embodiment to the fourth embodiment each include a pure
water washing treatment step of washing the LTCC substrate
by immersing the LTCC substrate 1in pure water between the
respective steps. In addition, mn the pure water washing
treatment step, the LTCC substrate 1s preferably washed
with pure water for about 1 minute.

In addition, the silver precipitation treatment step can
remarkably enhance a silver precipitating eflect by subject-
ing the LTCC substrate to ultrasonic treatment while the
LTCC substrate 1s immersed 1n the silver precipitation
treatment liquid. This 1s because that the ultrasonic treatment
promotes dissolution of the glass component 3, and ultra-
sonic vibration promotes redeposition of the silver compo-
nent because the silver component eluted through the dis-
solution of the glass component 3 1s dissolved to be saturated
in the silver precipitation treatment liquid. Further, in the
case of performing ultrasonic treatment as just described, the
immersion time period can be set shorter than usual.

Further, the electroless plating methods according to the
first embodiment to the fourth embodiment can be applied
not only to the LTCC substrate, but also to a wide variety of
substrates.

In addition, the electroless plating coatings 1n the first
embodiment to the fourth embodiment are not limited to the
N1/Pd/Au plating coating and the N1/ Au plating coating, and

other multi-layered plating coatings can be employed.

EXAMPLES

Table 1 shows operation conditions and results of
examples using LTCC substrates corresponding to the first
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embodiment, the second embodiment, and Comparative
Example. Table 2 shows operation conditions and results of
Examples using LTCC substrates corresponding to the third
embodiment and fourth embodiment. Table 3 shows opera-
tion conditions and results of Examples using alumina
ceramic substrates corresponding to the first embodiment.
Table 4 shows operation conditions and results of Examples
using alumina ceramic substrates corresponding to the third
embodiment. Table 5 shows anomalous deposition states of
palladium or gold between patterns in Examples 1 to 36
according to the present invention and Comparative
Examples 1 and 2.

The present invention 1s herematter described 1n detail by
way ol Examples, but the present invention 1s not limited
thereto.

Examples 1 to 6: First Embodiment

A LTCC substrate including the nsulating base material
1 formed of glass ceramic measuring 20 mm 1n width, 20
mm 1n length, and 500 um 1n thickness, and a metal sintered
body containing as a main component silver was used. The
LTCC substrate was subjected to a degreasing and activation
treatment step, a silver precipitation treatment step, and a
catalyzing step of providing a palladium catalyst 1n accor-
dance with the method described in the first embodiment. In
the degreasing and activation treatment step, the LTCC
substrate was subjected to degreasing treatment by using
EETOREX 72 (manufactured by Electroplating Engineers
of Japan Ltd.), and then washed with pure water for 1
minute, followed by activation treatment by using
EETOREX 62 (manufactured by Electroplating Engineers
of Japan Ltd.).

After the substrate was immersed 1n pure water and left
for 1 minute, the substrate was taken out therefrom, and
subjected to the silver precipitation treatment step in accor-
dance with the first embodiment by changing the silver
precipitation treatment liquid, the hiquid temperature, the
treatment time period, the presence or absence of ultrasonic
treatment, and the time period of the ultrasonic treatment.
Thus, the silver particles 4 were precipitated on the glass
component 3 present on the surface of the wiring pattern 2
formed of a silver sintered body. As shown 1n Table 1, the
changed conditions were as follows: the concentrations of
the first reducing agent and second reducing agent in the
silver precipitation treatment liquid were set to 5 wt % and
10 ppm, respectively; the liquid temperature was set to 85°

C.; and 1n addition, the following conditions of the precipi-
tation treatment time period, glass etching, and ultrasonic

treatment were combined.
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Precipitation treatment time period: 1 minute, 5 minutes, or
10 minutes

(Glass etching: present or absent

Ultrasonic treatment: present or absent

After that, the substrate was immersed 1n pure water and
left for 1 minute, and then taken out therefrom, followed by
being immersed in LECTROLESS AC-2 (manufactured by
Electroplating Engineers of Japan Ltd.) for 1 minute. After
that, the substrate was subjected to a washing step by being
immersed in pure water and left for 1 minute. Thus, the
substrate was subjected to pretreatment steps.

Next, LECTROLESS NP7600 (manufactured by Electro-
plating Engineers of Japan Ltd.) was used as a nickel plating
liquid and was heated to 85° C. The substrate was immersed
in the nickel plating liquid at the temperature for 20 minutes
in accordance with the coating formation method described
in the first embodiment. Thus, the electroless nickel plating
coating 5 having a thickness of 4 um was formed on the
wiring pattern 2 formed of a silver sintered body formed of
a metal sintered body.

Then, after water washing treatment for 1 minute, the
substrate was subjected to the electroless palladium plating
step 1n accordance with the first embodiment, to form the
clectroless palladium plating coating 6 having a thickness of
0.1 um. After that, the substrate was subjected to the
clectroless gold plating step, to form the electroless gold
plating coating 7 having a thickness of 0.05 um. In the
clectroless palladium plating step, LECTROLESS Pd2000S
(manufactured by Electroplating Engineers of Japan Ltd.)
was used, and the substrate was immersed therein under the
condition of a liquid temperature of 50° C. for 10 minutes.

In addition, 1n the electroless gold plating step, LECTRO-
LESS FX-5 (manufactured by Electroplating Engineers of
Japan Ltd.) was used, and the substrate was immersed
therein under the condition of a liquid temperature of 85° C.
for 5 minutes. It should be noted that the thickness of each
of the plating coatings was measured by using an X-ray
fluorescence film thickness measuring apparatus.

Examples 7 to 12: Second Embodiment

The same LTCC substrate as in Example 1 was used and
subjected to pretreatment steps of degreasing and activation
treatment, providing a palladium catalyst, and the like 1n the
same manner as i Example 1. After that, 1n accordance with
the second embodiment, the substrate was subjected to the
clectroless nickel plating step, and then subjected to water
washing treatment for 1 minute. After that, the substrate was
subjected to glass etching treatment 1n accordance with the
glass etching step described in the second embodiment.
After that, the substrate was subjected to the electroless
palladium plating step and the substitution-type electroless
gold plating step. The reagents used 1n the steps were the
same as in Example 1.

Example

TABLE 1

Concentration of reducing agent Liqud Precipitation

First reducing Second reducing temperature treatment time Ultrasonic  Glass

agent (wt %) agent (ppm) (° C.) period (min)  treatment etching
5 10 835 1 Absent  Absent
5 10 83 1 Present  Absent
5 10 85 5 Absent  Absent
5 10 85 S Present  Absent
5 10 83 10 Absent  Absent
5 10 83 10 Present  Absent
5 10 83 1 Absent  Present
5 10 83 1 Present  Present
5 10 835 5 Absent  Present

Oooo =] Oy o e o b —
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TABLE 1-continued
Concentration of reducing agent Liquud Precipitation
First reducing Second reducing temperature treatment time Ultrasonic  Glass
agent (wt %) agent (ppm) (° C.) period (min)  treatment etching
0 5 0 85 5 Present  Present
1 5 0 85 10 Absent  Present
2 5 0 85 10 Present  Present
Comparative 1 5 0 85 1 Absent  Absent
Example
Examples 13 to 18: Third Embodiment that, the substrate was subjected to the electroless gold
15

The same L'TCC substrate as 1n Example 1 was used and
subjected to pretreatment steps of degreasing and activation

plating step and the reduction-type electroless gold plating
step. The reagents used in the steps were the same as 1n

treatment, providing a palladium catalyst, and the like 1n the Example 1.
TABLE 2
Concentration of reducing agent
Second Liqud Precipitation
First reducing reducing agent temperature treatment time Ultrasonic  Glass
agent (wt %) (ppm) (° C.) period (min)  treatment etching
Example 13 5 10 835 1 Absent  Absent
14 S 10 85 1 Present  Absent
15 5 10 835 5 Absent  Absent
16 S 10 83 S Present  Absent
17 5 10 835 10 Absent  Absent
1% S 10 83 10 Present  Absent
19 5 10 83 1 Absent  Present
20 S 10 83 1 Present  Present
21 5 10 83 5 Absent  Present
22 S 10 83 S Present  Present
23 5 10 85 10 Absent  Present
24 S 10 83 10 Present  Present
Comparative 2 5 10 85 1 Absent  Absent
Example
same manner as 1n Example 1. Atter that, in accordance with 4, Examples 25 to 30: First Embodiment
the third embodiment, the substrate was subjected to the
clectroless nickel plating step, and then subjected to water An alumina ceramic substrate including the insulating
washing treatment for 1 minute. After that, the substrate was base material 1 formed of alumina ceramic measuring 20
squected toi the electn?less gold plating Step 1n accordance mm in width, 20 mm in length, and 500 um in thickness, and
with .the third embodlmeptj and then subjected to water 45 . .41 sintered body containing as a main component
W?js,hu}[g;i eailﬁlent ({Of tl' mlimte‘ ‘?ﬁ? t}lat" thelsul:ist; ate v:as tungsten or molybdenum was used. The alumina ceramic
subjected to the reduction-type electroless go ating ste . . .
>0 . oP ->5 201G D & 5P substrate was treated 1n accordance with the first embodi-
in accordance with the third embodiment, to form the _ L
: : . . ment, and the degreasing and activation treatment was
reduction-type electroless gold plating coating 8 having a =
thickness of 0.1 um. In the reduction-type electroless plating Y pe_rfonned by using EIW (manufactured by WORLD
step, LECTROLESS FX-5 (manufactured by Electroplating METAL Co., Ltd.).
Engineers of Japan Ltd.) was used, and the substrate was The substrate was immersed 1n pure water and left for 1
immersed therein under the condition of a liquid temperature minute, and then taken out therefrom. After that, the sub-
ot 85% C. for 10 mmute.s. Bemdes, the reagents used in the 55 Strate was subjected to pretreatment steps of precipitation
steps were the same as in Example 1. treatment and providing a palladium catalyst 1n the same
Examples 19 to 24: Fourth Embodiment manner as in Example 1 1n accordance with the first embodi-
ment. After that, in accordance with the first embodiment,
T:he same LICC substrate as Examp!e 1 was usgd :-%nd <o the substrate was subjected to the electroless nickel plating
subjected to pretreatment steps of degreasing and activation 1 h bioctad b for 1
treatment, providing a palladium catalyst, and the like 1n the step and then subjected to water washing treatment lor
same manner as in Example 1. After that, in accordance with minute, followed by being subjected to the electroless pal-
the fourth embodiment, the substrate was subjected to the ladium plating step and the substitution-type electroless gold
clectroless nickel plating step, and then subjected to water latine sten. The reacents used in the stens were the same as
washing treatment for 1 minute. After that, the substrate was 65 P & S1EP- - P

subjected to glass etching treatment 1n accordance with the
glass etching step described 1n the fourth embodiment. After

in Example 1, except for the reagent 1n the degreasing and
activation step.
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TABLE 3

Concentration of reducing agent Liquid Precipitation
First reducing Second reducing temperature treatment time Ultrasonic  Glass
agent (wt %o) agent (ppm) (° C.) period (min)  treatment etching
Example 25 5 10 85 1 Absent  Absent
26 5 10 8 1 Present  Absent
27 5 10 85 5 Absent  Absent
28 5 10 83 D Present  Absent
29 5 10 85 10 Absent  Absent
30 5 10 83 10 Present  Absent

Examples 31 to 36: Third Embodiment

The same alumina ceramic substrate as 1n Example 25
was used and subjected to pretreatment steps of degreasing
and activation treatment and providing a palladium catalyst
in the same manner as in Example 25. After that, in
accordance with the third embodiment, the substrate was
subjected to the electroless nickel plating step, and then
subjected to water washing treatment for 1 minute. After
that, the substrate was subjected to the electroless gold
plating step 1n accordance with the third embodiment and
then subjected to water washing treatment for 1 minute,
tollowed by being subjected to the reduction-type electroless
gold plating step 1n accordance with the third embodiment.
The reagents used 1n the steps were the same as 1n Example

1.

TABLE 4

Precip-
itation

Concentration of

reducing agent

First  Second Liquid treatment

reducing reducing temper- time

agent agent ature period  Ultrasonic Glass

(wt %) (ppm) (° C.) (min) treatment etching

Example 31 5 10 85 1 Absent Absent
32 5 10 83 1 Present Absent

33 5 10 85 5 Absent Absent

34 5 10 83 5 Present Absent

35 5 10 85 10 Absent Absent

36 5 10 835 10 Present Absent

Comparative Example 1

The same LTCC substrate as in Example 1 was used and
subjected to electroless plating. The difference irom
Example 1 was that the silver precipitation treatment step
was omitted, and other conditions were exactly the same as
in Example 1.

Comparative Example 2

The same LTCC substrate as in Example 13 was used and
subjected to electroless plating. The difference irom
Example 13 was that the silver precipitation treatment step
was omitted, and other conditions were exactly the same as
in Example 13.

The presence or absence of voids shown 1n Table 5 was
determined by cross section processing of the wiring pattern
by focused 1on beam (FIB) after the electroless plating,
tollowed by observation of the cross section by scanming 1on
microscopy (SIM) (at a magmfication of from 100 to 500).
The glass component 3 was measured at 10 points, and the
number of voids right above the glass component 3 was
counted.
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The evaluation results shown 1n Table 5 revealed that, in
Comparative Examples 1 and 2, 1n which electroless plating
was performed without performing the silver precipitation
treatment step, voids were generated in the nickel plating
coating 5, but 1n Examples 1 to 36 corresponding to the first
embodiment to the fourth embodiment of the present inven-
tion, 1 which the silver precipitation treatment step was
performed, voids were hardly observed 1n the nickel plating
coating 5.

In addition, the presence or absence of anomalous depo-
sition state of palladium or gold between the patterns shown
in Table 5 was determined by stereoscopic microscope
observation (at a magnification of from 100 to 500). The
case where the anomalous deposition accounted for 0% or
more and less than 10% of the observation area was defined
as no anomalous deposition, and was represented by Symbol
“0” 1n Table 5. In addition, the case where the anomalous
deposition accounted for 10 or more % and less than 50% of
the observation area was defined as partial occurrence (to the
extent that a short circuit does not occur), and was repre-
sented by Symbol “A” in Table 5. The case where the
anomalous deposition accounted for more than 50% of the
observation area was defined as occurrence on almost the
entire surface, and was represented by Symbol “x” 1n Table

J.
TABLE 5
Number of voids  Anomalous deposition state
(point(s)) between patterns

Example 1 1 A
2 0 A
3 0 A
4 0 A
5 0 A
6 0 X
7 1 o
8 0 o
9 0 o
10 0 o
11 0 e
12 0 o
13 1 A
14 0 A
15 0 A
16 0 A
17 0 A
1% 0 X
19 2 o
20 0 O
21 0 o
22 0 O
23 0 o
24 0 O
25 3 o
26 2 o
27 1 o
28 0 o
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TABLE 5-continued

Anomalous deposition state
between patterns

Number of voids
(point(s))

29
30
31
32
33
34
35
36
Comparative 1
Example 2

= Cc ¢ O o o o O O

o0 -1 O O O = ka2 O O

While the first embodiment to the fourth embodiment and
Examples of the present invention have been described
above, the configurations of the first embodiment to the
fourth embodiment and Examples may be appropnately
combined.

The invention claimed 1s:

1. A glass ceramic substrate, comprising an insulating
base material formed of glass ceramic, and a wiring pattern
formed of a silver sintered body,

precipitated silver being scattered 1n a particulate form on
a glass component present on a surface of the wiring
pattern formed of a silver sintered body,

a nickel plating coating being formed on the wiring
pattern formed of a silver sintered body including the
glass component and the silver scattered on the glass
component,
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a palladium plating coating being formed on the nickel
plating coating,

a gold plating coating being formed on the palladium
plating coating.

2. A glass ceramic substrate, comprising an insulating

base material formed of glass ceramic, and a wiring pattern
formed of a silver sintered body,

precipitated silver being scattered in a particulate form on
a glass component present on a surface of the wiring
pattern formed of a silver sintered body,

a nickel plating coating being formed on the wiring
pattern formed of a silver sintered body including the
glass component and the silver scattered on the glass
component,

a gold plating coating being formed on the nickel plating
coating.

3. A glass ceramic substrate according to claim 1, wherein
the silver scattered 1n a particulate form on the glass com-
ponent present on the surface of the wiring pattern formed
of a silver sintered body has a particle size of from 10 to 100
nm.

4. A glass ceramic substrate according to claim 2, wherein
the silver scattered in a particulate form on the glass com-
ponent present on the surface of the wiring pattern formed
of a silver sintered body has a particle size of from 10 to 100
nim.
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